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Tuesday, March 8, 2011 459ashow that ADP is a powerful inhibitor of mPTP opening and that its regulatory
mechanism could be different from that of cyclophilin D.
Supported by HL033333, HL093671 and in part by ETF 8041 and ESF DoRa
program activity 6.
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Examining Pancreatic Islet Lipotoxicity Using Two-Photon NAD(P)H
Imaging
Mark Y. Sun, Svetlana Altamentova, Dawn Kilkenny,
Jonathan V. Rocheleau.
Pancreatic islet b-cells maintain blood glucose through the regulated secretion
of insulin. A rise in blood glucose stimulates production of NAD(P)H resulting
in a cascade of increased ATP/ADP ratio, closure of ATP-sensitive potassium
channels, membrane depolarization, Ca2þ-influx, and insulin secretion. Dur-
ing the course of Type II diabetes, the glucose-stimulated insulin response is
dampened by glucose and lipid toxicity. It has recently been shown that the
novel endocrine factor, FGF21, protects metabolically active tissues such as
liver and white adipose tissue (WAT) by regulating fatty acid metabolism.
To test the effects of FGF21 on islet b-cells, we measured the levels of
Acetyl-CoA carboxylase (ACC) in response to FGF21. ACC is an enzyme in-
volved in the synthesis of malonyl-CoA, a substrate used in fatty acid synthesis
and a regulator of fatty acid oxidation. Reducing ACC expression is critical to
the normal compensation of beta-cells to lipid toxicity. We show that FGF21
decreases ACC protein levels in mouse pancreatic islets. To determine whether
decreased ACC protein level acts as a protective mechanism in maintaining b-
cell sensitivity to glucose, we examined changes in NAD(P)H by two photon
microscopy of living islets held in a microfluidic device as a direct measure
of changes in the metabolism. Our data reveals that compared to control islets,
FGF21-treated islets retain the glucose-stimulated NAD(P)H response in a high
fat environment. We will further examine the kinetics of the islet glucose re-
sponse using time-lapse NAD(P)H imaging of islets. Overall, these studies
will determine the metabolic changes that occur during the b-cell response to
FGF21, and enhance understanding of how this effect can protect beta-cells
from high fatty acid stress.
2488-Pos Board B474
Bcl-xL Determines the Metabolic Efficiency of Neurons, through Interac-
tion with Mitochondrial ATP Synthase
Kambiz N. Alavian, Hongmei Li, Silvio Sacchetti, Panah Nabili,
Emma Lazrove, Laura Bonanni, Peter J.S. Smith, J. Marie Hardwick,
Elizabeth A. Jonas.
The anti-apoptotic BCL-2 family protein, Bcl-xL, is highly expressed in the
brain. Beside its anti-apoptotic function, Bcl-xL may contribute to activity-
dependent normal functioning of neurons. In this study, using a set of gain
and loss of function experiments, we find that, in hippocampal neurons, Bcl-
xL enhances the efficiency of neuronal energy metabolism by increasing total
cellular ATP levels, while decreasing cellular oxygen use. This effect is due to
the presence of Bcl-xL in the mitochondrial inner membrane, co-localized with
the (F1F0) ATP synthase, shown by immunocytochemistry and immune-
electron microscopy. The interaction causes a decrease in leak of Hþ ions
across the mitochondrial inner membrane. The decreased leak is correlated
with an increase in coupling of oxidative phosphorylation. In contrast, inhibi-
tion of Bcl-xL by pharmacological or genetic means increases a leak conduc-
tance measured by patch clamping the membrane of submitochondrial
particles enriched in ATP synthase complexes (SMVs). Leaky SMVs demon-
strate attenuated ability to sequester Hþ during ATP hydrolysis. Additionally,
Bcl-xL protein directly increases ATPase activity of the purified synthase com-
plexes, while inhibition of endogenous Bcl-xL decreases synthase activity. The
exact site of the leak is being determined by cross-linking studies and by patch
clamping individual protein components of the ATP synthase reconstituted into
artificial lipid vesicles. Improved mitochondrial metabolic efficiency of neu-
rons accompanying changes in leak level may result in long lasting changes
in synaptic efficacy in both physiological and pathological conditions.
2489-Pos Board B475
Decrease in a Leak Conductance Associated with Mitochondrial Complex
V and Improved Bioenergetic Efficiency may Underlie Cytoprotection of
at-Risk Neurons by Dexpramipexole
Silvio Sacchetti, Steven I. Dworetzky, Kambiz N. Alavian, Ping Zhang,
Laura Bonanni, Armando Signore, Jamie Mangold, Uli DeMarco,
Peter J.S. Smith, Valentin K. Gribkoff, Elizabeth A. Jonas.
Chronic neurodegenerative disorders have been linked to mitochondrial dys-
function. Pharmaceutical agents which reduce mitochondrial dysfunction
may provide therapeutic benefit by protecting neurons at risk. In the current
study we have investigated the effects of dexpramipexole ((6R)-4,5,6,7-tetra-
hydro-N6-propyl-2,6-benzothiazole-diamine), a drug currently under clinicalstudy in ALS patients and a putative mitochondria-targeted neuroprotectant.
Mitochondria isolated from proteasome-inhibitor-injected rat brain had large
or intermediate-level multiconductance channel activity not present in controls;
dexpramipexole inhibited this activity. Dexpramipexole was cytoprotective
over a concentration range that represented the EC80-100 for the effects on
the conductances, suggesting that full inhibition may be required for significant
cytoprotection. To focus on the relationship of dexpramipexole to cell bioener-
getics, recordings were made from submitochondrial vesicles enriched in com-
plex V (SMVs). Control SMVs were leaky in response to stimulus voltage, and
currents were attenuated in a concentration-dependent manner by application of
ATP or dexpramipexole. Dexpramipexole enhanced the rate of ATP hydrolysis
and synthesis by complex V in a concentration-dependent manner and main-
tained ATP production in cultured hippocampal neurons and SHSY5Y cells.
Using two methods, the Seahorse respirometry system and an oxygen sensor
that detects oxygen flux in single neurons, we determined that dexpramipexole
decreases cellular oxygen use, consistent with the effect on inhibiting inner
membrane proton leak. Removal of F1 from SMVs eliminated the effects of
dexpramipexole (but not ATP) on the inhibition of conductance, and signifi-
cantly attenuated binding of 14C-dexpramipexole. Dexpramipexole also elimi-
nated the switch from mitochondrial to glycolytic respiratory parameters
elicited by treatment of cultured cells with PSI. These data suggest that an in-
crease in efficiency of oxidative phosphorylation produced by dexpramipexole
may result from inhibition of complex V leak conductance, enhancing the sur-
vivability of neurons.
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Regulation of Mitochondrial Respiration by Different Tubulin Isoforms
in Vivo
Minna Karu-Varikmaa, Merle Saarema¨e, Peeter Sikk, Tuuli Ka¨a¨mbre,
Madis Metsis, Valdur Saks.
Studies of regulation of mitochondrial outer membrane selective permeability
of cardiac and brain cells in vitro (isolated mitochondria) and in situ (permea-
bilized cells) condition has revealed remarkable differences between kinetic
parameters of respiration activation. This is probably a result of the specific
control of voltage dependent anion channel (VDAC) permeability by some cy-
toskeleton proteins, among them may be some isoforms of tubulin. Our recent
results with immunofluorescence and Western blot analysis have shown that
possible candidates could be b-tubulin isoforms 2c (IVb) or 4 (IVa). The aim
of this study was to construct, express and purify different b-tubulin isoforms
and their C-terminal tail truncated recombinants and to investigate their effect
on regulation of mitochondrial respiration.
Therefore we have designed a GST-tagged b-tubulin isoform constructs to ex-
press the recombinant proteins in BL21(DE3)pLys cell line. The proteins were
purified in native conditions and utilized to study the kinetics of mitochondrial
respiration regulation. The reconstitution experiments with isolated brain mito-
chondria and GST-TUBB2c or with GST-TUBB4were carried out. The prelim-
inary results showed that using GST-TUBB2c there were two populations of
mitochondria with different properties; the Km value for ADP of the second
population of mitochondria was significantly higher, compared to the first pop-
ulation. Therefore, it’s possible to conclude that b2c-tubulin is one possible
candidate of factor X, which is able to restore the low permeability of
VDAC. As the b-tubulin C-terminal tail has been shown to be responsible
for selective regulation of VDAC permeability, we have also produced trun-
cated b-tubulin isoforms which lack the C-terminal tail and investigated their
effect on mitochondrial respiration. Our results show that b-tubulin 2c isoform
is able to restore the diffusion restrictions for ADP which is common for per-
meabilized cells with oxidative metabolism.
2491-Pos Board B477
Knockdown of VDAC Isoforms Decreases Mitochondrial Membrane Po-
tential and Modulates the Effects of Free Tubulin in HepG2 Hepatoma
Cells
Eduardo N. Maldonado, David N. DeHart, Jyoti R. Patnaik,
John J. Lemasters.
BACKGROUND: Mitochondrial membrane potential (DJ) depends on flux
of metabolites through voltage dependent anion channels (VDAC) in the mito-
chondrial outer membrane. In vitro, tubulin binding induces VDAC closure. In
intact cells, nocodazole (Ncz) increases free tubulin and decreases DJ,
whereas paclitaxel (Ptx) promotes tubulin polymerization and increases DJ.
These effects are attributed to closing and opening of VDAC. Here, we hypoth-
esize that VDAC knockdown will decrease DJ and block the inhibitory effect
of free tubulin on DJ. METHODS: HepG2 cells were transfected with indi-
vidual siRNAs for VDAC1/2/3 (5 nM, Ambion) for 48 h. To assess DJ, fluo-
rescence of tetramethylrhodamine methylester (TMRM) was measured by
confocal microscopy. RESULTS: VDAC1/2/3 relative mRNA abundance by
460a Tuesday, March 8, 2011qPCR was ~39, 50 and 10%, respectively. Each siRNA decreased its corre-
sponding VDAC mRNA by ~90% without affecting other isoforms. After
VDAC1/2/3 knockdown, TMRM fluorescence was 58, 41 and 21%, respec-
tively, compared to 100% after non-target siRNA. In control cells, Ncz de-
creased TMRM fluorescence by 70%, and Ptx increased fluorescence by
51%. After knockdown of VDAC1/2/3, Ncz decreased TMRM fluorescence
by 25, 22 and 9%, respectively, whereas Ptx increased fluorescence by 26,
28, and 27% . CONCLUSION: Each of the three VDAC isoforms contributes
to maintenance of DJ in HepG2 cells. After knockdown, the relative response
to changes of free tubulin was attenuated. These results are consistent with the
conclusion that free tubulin dynamically regulates DJ in HepG2 cells by inter-
acting with VDAC.
2492-Pos Board B478
Aldehyde Products of Ethanol Oxidation and Oxidative Stress Suppress
Ureagenic but not Basal Respiration of Cultured Hepatocytes
Ekhson L. Holmuhamedov, Greg Lovelace, John J. Lemasters.
BACKGROUND: Recently we demonstrated that ethanol suppresses urea-
genic respiration of cultured hepatocytes (Biophys. J. 2008; 94:535a). Our
AIM here was to determine the roles of acetaldehyde (AcAld), a toxic inter-
mediate of ethanol oxidation, malondialdehyde (MDA) and 4-hydroxynone-
nal (4-HNE), the aldehyde products of lipid peroxidation, in suppression of
ureagenesis. METHODS: Overnight cultured hepatocytes were treated with
ureagenic substrates (in mM: 3 NH4Cl, 5 L-ornithine, 5 Na-lactate) in the
presence and absence of AcAld (0-1000 mM), MDA (0-1000 mM) and
4-HNE (0-1000 mM). To prevent evaporation of volatile aldehydes, KRH
was covered with mineral oil. Respiration was measured with a Seahorse
XF24 Extracellular Flux Analyzer, and aldehyde concentration determined
from NADH reduction in ALDH reaction. RESULTS: Addition of ureagenic
substrates nearly doubled respiration of hepatocytes. Ethanol (0 - 200 mM)
dose dependently inhibited ureagenic respiration of hepatocytes by up to
50%. Inhibition of ADH, cytochrome P4502E1 and catalase with 4-methyl-
pyrazole, trans-dichloroethylene and 3-amino-1,2,4-triazole, respectively,
partially abrogated the inhibitory effect of ethanol. By contrast, ALDH inhi-
bition with phenethyl isothiocyanate (PITC, 10 mM), augmented ethanol-
suppressed ureagenic respiration by an extra 32%, although PITC by itself
had no effect. When added directly, AcAld, MDA and 4-HNE, dose-
dependently suppressed ureagenic respiration with an apparent Ki from Dixon
plots of 200, 5 and 80 mM, respectively. AcAld and 4-HNE, but not MDA,
inhibited uncoupled (150 mM of 2,4-dinitrophenol) but not basal respiration
of hepatocytes. CONCLUSIONS: 1) Suppression of ureagenic respiration
by ethanol is mediated by acetaldehyde, the major intermediate of ethanol
oxidation. 2) Malondialdehyde and 4-hydroxynonenal, aldehydes generated
during lipid peroxidation, also suppress ureagenic respiration of cultured he-
patocytes. Based on our earlier work (ABB 2009;481:226-233), these
aldehyde-dependent changes may be the consequence of closure of voltage
dependent anion channels (VDAC).
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Homeostasis of Mitochondrial Calcium in Alcoholic Liver Diseases
Guoqiang Wang, Andrew P. Thomas, Lawrence D. Gaspers.
The production of reactive oxygen species (ROS) and oxidative stress are
thought to be important pathological factors in onset and development of alco-
holic liver diseases (ALD). Elevated level of ROS has previously been shown
to alter calcium homeostasis by changing the activity of calcium-release and
calcium-uptake mechanisms in the ER and mitochondria. In these studies,
we investigated the effects of chronic ethanol consumption on calcium content
and calcium handling in the mitochondria. Hepatocytes from ethanol-fed and
their paired-fed littermates were cultured in the absence of alcohol for 1 to
18 hrs then loaded with fura-2/AM. Cells were washed into calcium free buffer
then treated with the mitochondrial uncoupler, carbonyl cyanide-p-
trifluoromethoxyphenylhydrazone (FCCP), plus oligomycin, an inhibitor of
F1FO-ATPase, to induce calcium release from mitochondrial matrix. The re-
sultant increase in cytosolic calcium was measured with fura-2. The data
show that FCCP-induces more calcium release in hepatocytes isolated from
alcohol-fed rats compared to controls. The differences in FCCP-releasable cal-
cium content was observed in both overnight-cultured cells and in freshly
plated hepatocytes suggesting that chronic alcohol exposure causes a long last-
ing increase mitochondrial matrix calcium levels. The rates of mitochondrial
calcium-uptake and efflux were determined in fresh-isolated and digitonin-
permeabilized cells using extramitochondrial fura-6 FF free acid. The data in-
dicate that the rates of mitochondrial calcium uptake were significantly faster in
alcoholics compared to controls. The rates of mitochondrial calcium efflux
were not significantly different when the matrix calcium content was normal-
ized between control and alcoholics. These data indicate that long-term alcoholexposure induces adaptive changes in the mitochondrial calcium-uptake mech-
anisms that lead to chronically elevated levels of calcium in the mitochondrial
matrix. This adaptive process is predicted to increase mitochondrial ROS pro-
duction and thereby contribute to the pathogenesis of ALD.
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A Novel Assay of Muscle Energy Dynamics in Mechanically Loaded
Enzymatically Isolated Adult Mammalian Skeletal Myocytes
Ramzi J. Khairallah, Benjamin L. Prosser, W. Jonathan Lederer,
Christopher W. Ward.
Current methods and tools available to study bioenergetics in adult mammalian
skeletal muscle are mostly limited to whole organ or fiber bundle preparations.
However, single cell preparations remain attractive for studying mechanics and
bioenergetics, because they are free from connective tissue and endothelium,
allow for consistent and uniform oxygen and substrate availability and can
be investigated using real-time imaging methods at high temporal and spatial
resolution. The majority of research on single muscle cells is conducted in me-
chanically unloaded conditions in which the rate of ATP consumption is low.
ATP production is generally matched to consumption and due to both cytosolic
glycolysis and mitochondrial oxidative phosphorylation.
Investigations of mechanically loaded muscle cells that may consume ATP at
"normal" rates provide us with a preparation that enables us to explore issues
related to mitochondrial function, ROS production as will as functional Ca2þ
signaling and contractile performance. However, doing experiments with me-
chanically loaded single cells requires technically challenging manually dissec-
tion methods. We have recently developed an improvement that enables us to
use enzymatically dissociated skeletal myocytes. Using MyoTak, a tenacious
biological adhesive, we have been able to attach dissociated skeletal myocytes
to both force transducer and length controller units. The myocytes thus pre-
pared can be readily imaged using an inverted microscope fluorescence imag-
ing system in confocal, widefield and multiphoton systems. We will show
results that use this system to examine the force produced in enzymatically iso-
lated mammalian skeletal myocytes with isometric contractions elicited by
field stimulation, NADPH auto-fluorescence, ROS (reactive oxygen species)
production during contraction.
2495-Pos Board B481
Mechanism of Reactive Oxygen Species Generation in Cardiac
Mitochondria a Computational Approach
Rashmi Kumar, M. Saleet Jafri.
The generation of mitochondrial reactive oxygen species (ROS) across the
electron transport chain has been implicated in various diseases like aging, di-
abetes, neurodegenerative diseases and cellular injury during ischemia reperfu-
sion. To better understand the regulation of ROS production, we present
a mechanistic model of ROS production based on principles of reaction kinet-
ics. The mathematical model includes a sequential process of ROS generation
through various reaction intermediates. The model describes the redox reac-
tions occurring at protein complexes I, III and IV that involve transfer of elec-
trons across the respiratory complexes and is coupled to translocation of
protons from the matrix space to the inner mitochondrial membrane. The steady
state production of superoxide anion (O2
.- ) by complex I and III is based on
chemical kinetics model of electron transfer from NADH to cytochrome c1
through various intermediates. The electron transport system fluxes for com-
plex IV is based on thermodynamically balanced biophysical model described
by Beard et.al. The components of TCA cycle and mechanisms controlling
Ca2þ regulation in cardiac energy metabolism is based on model proposed
by Jafri et.al. The computational model reproduces qualitatively the experi-
mental data on rate of superoxide production by complex I and it is observed
that rate of O2
.- is directly proportional to the complex I and O2 concentrations.
The model simulates changes in mitochondrial rate of O2
.- production with re-
spect to mitochondrial membrane potential in complex III and suggests that
there is a significant rise in production of O2
.- radical with increase in mem-
brane potential through an increase in the relative concentration of ubisemiqui-
none forms. Additional studies explore how ROS production is regulated by
other physiological and pathological conditions.
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Calcium Activation of Oxidative Phosphorylation in Skeletal Muscle
Mitochondria
Brian Glancy, Robert S. Balaban.
Skeletal muscle work rate can rise ~100-fold above rest. Thus, the ability of
myocytes to maintain homeostasis is severely challenged during exercise.
This challenge may be partially met through calcium activation of both energy
supply and demand. This study focused on energy supply by examining cal-
cium activation of oxidative phosphorylation in skeletal muscle mitochondria.
Mitochondrial membrane potential (DJ), NAD/NADH ratio, and cytosolic
